WORLD INTELLECTUAL PROreRTY RGANIZATION 
tntenwttonal Bureau 


PCX 

INTERNATIONAL APPUCATION PUBUSHED UNDER THE PATENT COOPERATION TREATY (PCT) 


(51) Intennitioiul Patent ClasslficatkHi ^ : 
B23K 35/38, 26/14 


Al 


(11) IntefnatiiHul Pnblkatkm Number: 
(43) Inteniatloiia] Publication Date: 


WO 96/23624 

8 August 1996 (08.08.96) 


(21) InteroatioDal ApplicatioD Number: 


PCT/SE96/00101 


(22) IntematlcHial Filing Date: 


30 January 1996 (30.0 K96) 


(30) Priority Date: 

9500347-1 


31 Januaiy 1995 (31.01.95) 


SE 


(71) Applicant (for all designated Slates except US)z AGA AB 

(publ) [SE/SE]; S- 181 81 LidingO (SE). 

(72) Inventor; and 

(75) Inventor/Applicant (for US onfy)i FAERBER, Mark [DE/DE]; 
Steinblockstrassc 1, D-22453 Hambug (DE). 

(74) Agents: AXELSSON, Rot fjaLaU Kranscll & Wcnnbarg AB, 
P.O. Box 27834, S-lTT^StockhoIm (SE). 


(81) Designated States: BR, CZ, FI, HU, JP, NO. PL, US, European 
patent (AT. BE, CH, DE, DK, ES, FR, GB, GR, IE, IT, LU, 
MC, NL, PT, SE). 


Published 

With international search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 

In English translation (filed in Swedish). 


(54) Title: A METHOD OF CUTTING BY LASER AND GAS COMPOSITION FOR USE IN SUCH CUTTING 
(57) Abstract 

A niethod of laser-beam cumng.,5tainless steel, other high-alloy steel niaterials, and aluminium.or aluminium alloys while using 
nitrogen as a cutting gas. Accordmg to the method, there is used nitrogen which contains oxygen in a small amount corresponding to 0. 1 - 1 0 
volumc-%. The oxygen content is preferably 0.5-5.0 vohinie-%. The invention also relates to a gas composition for use when carrying out 
the method. 


FOR THE PURPOSES OF INFORMATION ONLY 


Codes used to identify States paity to the PCT on the front pages of pamphlets publishing international 
applications under the PCT. 


AM 

Anseau 

GB 

United Kingdom 

MW 

Malawi 

AT 

Aiotria 

GE 

Geofgia 

MX 

Mexico 

AU 

Ausmlia 

GN 

Guinea 

NE 

Niger 

BB 

BcitMdoft 

GR 

Greece 

NL 

Nedierlaadi 

BE 

Belgnm 

HU 

Hangtry 

NO 

Norway 

BF 

Binkiu Ftto 

IE 

bclmd 

NZ 

New Zealand 

BG 

Butgsria 

IT 

baly 

PL 

PblaDd 

BJ 

Benin 

JP 

Japan 

PT 

Poftttgal 

BR 

Bmzil 

K£ 

Kenya 

RO 

Romania 

BY 

Bdanit 

KG 

Kyigysun 

RU 

Rotaian Fedetatioii 

CA 

Cauda 

KP 

Democndc IVopk't Republic 

SD 

Sudan 

CF 

Ccnlnl Afnon Republic 


of Kocea 

SE 

Sweden 

CG 

Congo 

KR 

Republic of Kona 

SG 

Singapore 

CH 

Switxcriukd 

KZ 

Kazalrtntan 

SI 

Slovenia 

a 

Ctee d'lvoiie 

U 

Liechtenstein 

SK 

Slovakia 

CM 

CamcxDOD 

LK 

Sri Lanka 

SN 

Senegal 

CN 

Chtna 

LR 


5Z 

Swaiiland 

CS 

Czechoftlnvilua 

LT 

Litbnmia 

TD 

Chad 

CZ 

Czech Republic 

LU 

Luxembourg 

TG 

Togo 

DE 

Gennany 

LV 

Latvia 

TJ 

Tajikistan 

DK 


MC 

Monaco 

TT 

Trinidad and Tob«go 

EE 

Eitoou 

MD 

Republic of Moldova 

UA 

Ukraine 

ES 

Spain 

MC 

MadagBsca- 

UG 

Uganda 

n 

RdIsm) 

ML 

Mali 

US 

United Stales of America 


tYnce 

MN 

Mongolia 

UZ 

Uzbekiaun 

GA 

Gabon 

MR 

Mauritania 

VN 

VieiNam 


wo 96/23624 


PCTySE96y0010I 


/ 


A method of cutting by laser and gas composition for use 
in such cutting 

The present invention relates to a method of laser-beam 
cutting stainless steel, other high-alloy steel materials, 
aluminium or aluminium alloys, while using a nitrogen/oxygen 
mixture as a cutting gas. The invention also relates to a gas 
composition for use when carrying out the method. 

Laser-beam cutting is an established technique used for 
cutting many different types of materials. The laser used is 
normally a high-power CO^ laser, although other types of 
laser may be used, for instance Nd-YAG lasers. 

In laser-beam cutting, the laser beam is focused onto the 
workpiece to be cut and the cutting gas is delivered coaxial 
with the beam at the same time. The cutting gas is delivered 
under high pressure, up to 30 bars, and serves several 
different purposes. For instance, because of the high speed 
at which the cutting gas is delivered, it assists in removing 
molten material and slag from the cut, therewith preventing 
the formation of burrs and adhesion of slag products. The gas 
also shields the focusing optic of the laser from metal 
splashes during a cutting operation . 

The cutting gas may either be reactive or inert, depending 
on application. It is usual to use highly pure oxygen as a 
reactive cutting gas. The use of oxygen amplifies heating of 
the workpiece by the laser beam as a result of an exothermic 
reaction between supplied oxygen and the material to be cut. 
This affords a higher cutting speed. 

When using an inert gas instead of a reactive gas, it is 
solely the thermal energy from the laser beam that melts the 
inaterial, the main purpose of the cutting gas being to blow 
away molten material and to shield the laser optic. This 
technique is of particular interest when cutting stainless 
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steel and other high-alloy steel materials, and also alumin- 
ium and aluminium alloys. When nitrogen, N^, is used as a 
cutting gas, it is possible to obtain cut surfaces that are 
completely free of oxide. Although the cutting speed is lower 
5 than when using oxygen, this is counterbalanced essentially 
by the high quality of the cut obtained, among other things 
a burrless cut. 

An object of the present invention is to provide a method of 
10 laser-beam cutting with the use of an inert nitrogen/oxygen 
mixture as cutting gas, which will improve the putting-speed 
and reduce gas Mnsumption. 

Another object is to provide a cutting gas of suitable gas 
15 composition for use when carrying out the method. 

The invention is based on the realization that in the case 
of some applications, a certain degree of oxidation of the 
surfaces of the cut can be accepted if this will enable a 
. 20 higher cutting speed and a burrless cut to be obtained 
together with a reduction in gas pressure that results in a 
lower rate of gas flow and therewith in reduced gas consump- 
tion, and the oxidation can be removed in a subsequent stage 
either mechanically or chemically. 

25 ^ ' 

According to the present invention, the laser-beam cutting 
method defined in the first paragraph is mainly characterized 
by using as a cutting gas nitrogen which contains a small 
amount of oxygen corresponding to 0_ ^-10 v ol ume- %. A pre- 

30 f erred oxygen concentration is 0^^-5.0 volJULme-%. 

The method provides burrless cut surfaces and the cutting 
speed is increased in comparison with the speeds achieved 
\/hen substantially pure nitrogen is used. This is because 
35 oxygen is present in an amount sufficient to generate an 
exothermic oxidation reaction with the base material , which 
elevates temperature and makes the cutting process more 


t 
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effective. Gas pressure can be lowered therewith, resulting 
in lower gas consumption with subsequent savings in costs. 
Because large amounts of gas are consumed in a cutting 
operation, a lowering of the gas consumption will result in 
5 significant cost reductions. 

Because the invention uses nitrogen that is contaminated with 
oxygen, the invention can be applied in a particularly 
advantageous and cost-effective manner, by producing the 

10 nitrogen on site from the ambient air, while using known 
filtering techniques, for instance a membrane or PSA tech- 
nique* The degree of purity of the nitrogen produced is 
determined so that the amount of oxygen required for the 
cutting operation will remain in the produced gas as a 

15 contaminant. This avoids the transportation and storage of 
two gases and the necessity of mixing said gases together. 

If required in the case of certain applications to improve 
corrosion properties and weldability, oxides formed on the 
20 surfaces of the cut can be removed in a subsequent mechanical 
or chemical working step. Chemical removal of the oxides 
can be achieved by etching with a known agent. 

The invention also relates to a gas composition for use when 
25 laser-beam cutting stainless steel, other high-alloy steel 
materials, and aluminium or aluminium alloys while using 
nitrogen as a cutting gas. The gas composition comprises 
nitrogen with a small oxygen content corresponding to 0.1-10 
volume-%- A preferred oxygen content is 0.5-5.0 volume-%. 

30 

This gas composition can be obtained conveniently by filter- 
ing-out nitrogen from the air, wherein the desired amount of 
oxygen will be present in the nitrogen gas as an unremoved 
contaminant. 

35 

The use of a gas composition of this nature will provide an 
acceptable cut quality in the majority of applications, and 
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will enable the gas pressure, and therewith gas consumption, 
to be lowered and the cutting speed increased in comparison 
with cutting while using pure nitrogen. 

Naturally, the nitrogen and oxygen may alternatively be 
transported separately to the working site and there mixed 
together in conjunction with the working operation, or may 
be delivered in a premixed state. 


J 
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CLAIMS 

!• A method of laser-beam cutting stainless steel, other 
high-alloy steel materials, and aluminium or aluminium 
5 alloys, while using nitrogen as a cutting gas, characterized 
by using nitrogen which contains oxygen in a small amount 
corresponding to 0.1-10 volume-%. 

2. A method according to Claim 1, characterized by using 
10 nitrogen containing 0.5-5.0 volume-% oxygen, 

3. A method according to Claim 1 or Claim 2, characterized 
by producing the nitrogen on site from the ambient air; and 
by determining the degree of purity of the gas produced such 

15 as to ensure that the gas will contain the requisite amount 
of oxygen* 

4. A method according to any one of Claims 1-3, character- 
ized by following the cutting operation with a mechanical or 

20 chemical oxide removal step. 

5. A gas composition for use in laser-beam cutting of 
stainless steel, other high-alloy steel materials, and 
aluminium or aluminium alloys, characterized in that the gas 

25 composition contains nitrogen and a small amount of oxygen 
corresponding to 0,1-10 volume-%. 

6. A gas according to Claim 5, characterized in that the gas 
contains 0.5-5,0 volume-% oxygen, 

30 

7. A gas according to Claim 5 or Claim 6, characterized in 
that the nitrogen has been filtered from air; and in that the 
gas contains a requisite amount of oxygen as an unremoved 
contaminant. 
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